ABSTRACT. The membrane fluidity of intact fibroblasts, TMA-DPH, 1-14-(trimethylammonium)-phenyll-6-phenylerythrocyte ghosts, and intact lymphocytes from Duchenne 1,3,5-hexatriene muscular dystrophy (DMD) patients and controls was measured by steady state fluorescence polarization. The fluorescent probes used were diphenylhexatriene (DPH), trimethylammonium-DPH, and a set of n-(9-anthroyloxy) fatty acids. Fluorescence anisotropies in DMD fibroblasts and DMD erythrocyte ghosts were normal. In DMD lymphocytes (n = 10) fluorescence anisotropy of DPH was decreased versus controls (0.212 f 0.028 versus 0.231 + 0.012, p < 0.05). Linear regression analysis of creatine kinase activity in sera and DPH fluorescence anisotropy in lymphocytes from DMD patients showed a negative correlation ( r = -0.93, p < 0.001). DMD lymphocytes and control lymphocytes were incubated for 4 h in sera from DMD patients and from controls. When incubated in DMD sera, DPH fluorescence anisotropy of DMD lymphocytes decreased from 0.211 f 0.018 to 0.180 + 0.028, and fluorescence anisotropy of control lymphocytes decreased from 0.239 f 0.012 to 0.179 f 0.025 reaching the same level as did DMD lymphocytes. When incubated in control sera, DPH fluorescence anisotropy of DMD lymphocytes increased to 0.224 f 0.012, and fluorescence anisotropy of control lymphocytes decreased to 0.218 f 0.017. The fluorescence anisotropy changes after incubation in DMD versus control sera were different ( p < 0.05 for DMD lymphocytes and p < 0.005 for control cells). Our findings do not support the hypothesis of a general membrane defect but suggest a toxic serum factor in DMD which attacks lymphocyte membranes and possibly muscle membranes at the same time. (Pediatr Res 22: 488-492, 1987) Abbreviations 16-AP, 16-(9-anthroy1oxy)-palmitic acid 6-, 7-, 9-, and 12-AS, 6-, 7-, 9-, and 12-(9-anthroy1oxy)-stearic acid CK, creatine kinase (EC 2.7.3.2) DMD, Duchenne muscular dystrophy DPH, l,6-diphenyl-l,3,5-hexatriene GOT Supported by Deutsche Forschungsgemeinschaft (KO 756/I+II). Part of this study will be presented as thesis work for J.G. 4
Membrane defects observed in nonmuscle cells in DMD patients led to the hypothesis that there could be a general membrane abnormality in DMD (1). In DMD neutrophils reduced spontaneous migration and chemotaxis suggest that there is a defect in the contractile system or cell membrane functions (2). In DMD fibroblasts capping capacity was reduced (3) and membrane fluidity was increased (4). Nuclear magnetic resonance studies revealed a decreased water permeability in DMD erythrocytes (5, 6). Some authors found different electron spin resonance spectra in DMD versus control erythrocytes (7, 8), other studies did not support these findings (9, 10). Diminished capping capacity in DMD lymphocytes was demonstrated in several studies (1 1-14), while others did not confirm this (1 5, 16).
In order to check the hypothesis of a generalized membrane defect in DMD we investigated different nonmuscle cell types from DMD patients by one method. We measured the membrane fluidity (17, 18) of intact fibroblasts, erythrocyte ghost preparations, and intact lymphocytes from DMD patients, using steady-state fluorescence polarization (19). We incubated lymphocytes from DMD patients and from control subjects in sera from DMD patients and from control subjects. The results of these incubation experiments led us to a new understanding of the pathophysiology of lymphocyte membrane defects in DMD.
MATERIALS AND METHODS

Patients and controls.
For our fibroblast studies we examined the cultured skin fibroblasts of nine patients with DMD (age range 0.5-10 yr). The control group was comprised of 10 agematched boys without infectious, metabolic, systemic, or malignant diseases.
The erythrocyte studies were performed on six patients and 17 control subjects. The lymphocyte study group (without incubation experiments in sera) consisted of 10 patients and 60 control subjects. Incubation experiments in sera were performed on the lymphocytes of four patients and of five control subjects. The age range of the DMD patients was 2-17 yr and that of the control subjects 1-46 yr. There were no correlations between age or sex and fluorescence anisotropy. For the lymphocyte studies a second control group consisted of three patients with congenital myopathy and one patient with necrotizing encephalitis and myoclonia (age range 1-5 yr).
Preparation ofjbroblasts. Skin biopsies were taken in DMD patients during a muscular biopsy, usually from the thigh. In the .88 control boys, skin samples were taken during surgical intenentions from the abdominal wall. Fibroblasts were grown in Falcon flasks according to Galjaard (20) and Wiesmann el al. (21) in Ham's medium (F-10 medium, Seromed, West Berlin) supplemented with fetal calf serum (1 3%), L-glutamin, and antibiotics. After reaching confluency in 75 cm2 flasks (after 4 to 5 wk), the cells were frozen in liquid nitrogen. After further subcultures, the fibroblasts were trypsinated and washed twice with PBS. For all measurements, the passage numbers were between two and six. There were no differences in the fluorescence anisotropy of fibroblasts within the range of passage numbers 1 to 10.
Preparation of erythrocyteghosts and lymphocytes. Erythrocyte membranes (ghosts) were kindly prepared according to Dzandu et al. (22) by Dr. Seitz in our department. Intact lymphocytes were isolated from EDTA anticoagulated blood within 1 h of sampling. Ficoll solution (Seromed) was used for gradient centrifugation according to Boyum (23) . No precautions as to the state of fasting were taken.
Fluorescence polarization. The pellets of the cell preparations were suspended in PBS. The initial optical density of the cell suspensions was approximately 0.180 absorbance units at 365 nm (corresponding to 333 k 93 fibroblastslpl, 3 17 k 30 ghosts/ pl, 469 k 57 lymphocytes/pl) before labeling (24). The fluorescent probes used were DPH (25, 26) (Sigma Chemical Co., St. Louis, MO), TMA-DPH (24, 25, 27, 28), and a set of five longchain saturated fatty acids with the fluorophore 9-anthroyloxy attached to various positions of the fatty acid chain: 6-AS, 7-AS, Incubation of lymphocytes with serum. Incubations of lymphocytes with sera of DMD-patients and controls were camed out according to Inbar et al. (31) . Sera were prepared from fresh clotted blood and stored for up to 4 wk at -20" C. Eight ml of lymphocyte suspension in PBS (optical density 0.250 absorbance units at 365 nm) were mixed with 1840 p1 serum and incubated for 2 or 4 h at 4" C. After incubation the lymphocyte suspensions were centrifuged (1400 x g, 20" C, 10 min) and the pellets washed once with 8 ml of PBS. In the incubation experiments DMD lymphocytes were incubated in control sera ( n = 4) and in DMD sera ( n = 5). The control lymphocytes were also incubated in control sera ( n = 22) and in DMD sera ( n = 9). There were no differences in fluorescence anisotropy measurements between the incubation experiments in autologous versus heterologous sera.
For incubation experiments with artificially CK-enriched human sera, we used CK from rabbit muscle (Sena, Heidelberg, West Germany). In all incubation experiments fluorescence anisotropy was measured with the fluorophore DPH (label incubation time 10 min).
Determination of enzyme activities in sera. CK, LDH, GOT, and GPT were determined in our department of laboratory medicine according to standard techniques.
Statistical analysis. The statistical analysis was carried out using the nonparametric Mann-Whitney test. The results are expressed as means + SD. Correlations between CK and DPH fluorescence anisotropy were determined by least squares linear regression analysis. The significance test of the correlation coefficient r was camed out according to Fisher (32) .
RESULTS
The fluorescence anisotropy measured revealed no differences in DMD fibroblasts (Table 1) and DMD erythrocyte ghosts (Table 2 ) versus controls.
In DMD lymphocytes fluorescence anisotropy measured with DPH showed a difference between DMD patients and controls, while measurements with the other labels showed no difference (Table 3 ). The standard deviation of the DPH anisotropy values was increased in DMD versus control values (Table 3 ). In order to find an explanation for this phenomenon, the CK activity in DMD serum was correlated with the DPH fluorescence anisotropy value in DMD lymphocytes isolated from the same blood sample. With increasing CK activity in sera the fluorescence anisotropy in lymphocytes decreased (Fig. I) . The correlation coefficient between CK activity and DPH fluorescence anisotropy in DMD was the same after 10 as it was after 30 min correlation between the age of the DMD patients and fluorescence anisotropy. In a second control group, the lymphocytes of patients with different disorders were measured. A patient with necrotizing encephalitis and myoclonia showed increased enzyme activities in serum (CK 2 130 U/liter, LDH 1278 U/liter, GOT 140 U/liter, GPT 73 U/liter), DPH fluorescence anisotropy in lymphocytes was within the normal range (0.223, result of 10 min DPH incubation). Three patients with congenital myopathy showed normal DPH fluorescence anisotropy values in lymphocytes (range 0.229-0.238, results of 10 min DPH incubation), while one showed elevated enzyme activities in serum (CK 536 U/liter, LDH 414 U/liter, GOT 38 U/liter, GPT 24 U/liter). DMD lymphocytes and control lymphocytes were incubated in DMD sera and in control sera. Before incubation in sera, the initial values of DPH fluorescence anisotropy in the DMD lymphocyte membranes were again lower than in the controls (Fig. 2) . After incubation in DMD sera, fluorescence anisotropy values of DMD lymphocytes and control lymphocytes decreased to the same level (Fig. 2) . When incubated in control sera, fluorescence anisotropy values of DMD lymphocytes increased, and the values of control lymphocytes decreased (Fig. 2) . Corresponding to the wide range of CK activity in DMD sera (mean = 1829 + 1 159, n = 14), the standard deviation of fluorescence anisotropy after incubation in DMD sera was greater than in the control sera (Fig. 2) . CK activity in the control sera was 37 U/ liter k 21 (n = 10). Incubations of two control lymphocyte samples in human control sera enriched with rabbit muscle CK (CK levels between 1800 and 50000 U/liter) showed no effect on fluorescence anisotropy after 2 and 4 h incubation in these sera.
DISCUSSION
When examining membrane fluidity in DMD nonmuscle cells by fluorescence anisotropy, we found no differences in intact DMD fibroblasts (Table 1) In DMD erythrocyte ghosts membrane fluidity was also within the control range (Table 2) Our results in intact DMD lymphocytes are more complex. We found an increased membrane fluidity in DMD lymphocytes only when DPH was used as a probe (Table 3) . TMA-DPH (24, 28) and several isomers of anthroyloxy fatty acids (29, 30) probing different depths of the bilayer did not reveal any differences between the levels of fluorescence anisotropy in DMD and control lymphocytes (Table 3) . At first glance, there is a discrepancy between the data obtained with DPH and 12-AS as both labels are localized in the hydrophobic membrane interior. However, we have to take into account that DPH anisotropy rather reflects the static parameter of lipid motions (when the anisotropy exceeds 0.100) (26) whereas anthroyloxy fatty acids monitor to a large extent lipid motion itself (30) . We therefore believe that DMD lymphocyte membranes exhibit a different degree of lipid order in the internal membrane region as compared to controls. An explanation for this difference in lipid order is beyond the scope of this study.
An alternative interpretation would be that the membrane permeability (18, 33) for DPH is increased in DMD compared with control lymphocytes. Our finding that fluorescence anisot-We also thank Dr. A. Hermetter, Department of Biochemistry, ropy in DMD lymphocytes did not change from 10 to 30 min Technical University of Graz, Austria, for his stimulating and DPH incubation time but did change in control lymphocytes helpful discussions. The excellent technical assistance of I. Wer- (Table 3, diminished capping capacity in DMD lymphocytes ( 1 1 -14) . 
